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Abstract                                                                                                                                                                                                         
In order to meet the energy requirements, there has been growing interest in alternative fuels like vegetable oils, biodiesels, 
biogas, LPG, CNG to provide a suitable diesel oil substitute for internal combustion engine. Vegetable oils, because of their 
agricultural origin, due to less carbon content compared to mineral diesel are producing less CO2 emissions to the atmosphere. It 
also reduces import of petroleum products.In the present paper an experimental study is carried out on an I.C. engine laboratory 
single cylinder, four-stroke VCR, direct injection diesel engine to analyze the performance and emission characteristics of pure 
diesel, Jatropha oil and Jatropha oil-diesel blended fuels with various blended rates. The measurements are recorded for the 
compression ratio of 16, 17 and 18 varying the load from idle to rated load of 3.7 kW. Comparative results are given at constant 
engine speed, variable compression ratio and various engine loads for pure diesel, Jatropha oil and Jatropha oil-diesel blended 
fuels revealing the effect of diesel, Jatropha oil and Jatropha-diesel blended fuels combustion on engine performance and exhaust 
emissions. The results show that various parameters such as thermal efficiency, CO and NOX emissions are very close to mineral 
diesel for lower blend concentrations. But, it is observed that for higher blend concentrations, performance and emissions were 
much inferior compared to diesel. 
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1. Introduction 
    Bio-diesel production is not something new, because the concept of using vegetable oil as fuel dates back to 1895. 
Rudolf Diesel developed the first diesel engine which has run with vegetable oil in1900. The first engine has run 
using groundnut oil as fuel [1].Vegetable oils contain significant amounts of oxygen. Its ignition characteristics are 
such as poor cold engine start-up, misfire, and ignition delay, and latter includes incomplete combustion, e.g. deposit 
formation, carbonization of injector tip, ring sticking, lubricating oil dilution and degradation, polymerization during 
storage. 
Nomenclature 
LPG liquefied petroleum gaas  
CNG  compressed natural gas 
VCR      variable compression ratio  
CO         carbon monoxide 
NOX       oxides of nitrogen  
CR          compression ratio 
 
Carbon deposits around the nozzle orifice, upper piston ring grooves and on piston rings are the main problems 
during the use of vegetable oil as fuel [2].They are also biodegradable, non-toxic, and have a potential to 
significantly reduce pollution. Vegetable oils and their derivatives in diesel engines helps to reduce the emissions of 
sulfur oxides, carbon monoxide (CO), poly aromatic hydrocarbons (PAH), smoke, particulate matter (PM) and noise 
[3]. Karosmanoglu et al. [4] conducted tests with sunflower oil as a fuel in a single cylinder, direct-injection air-
cooled diesel engine. It was noted that there was no significant change in power output and fuel consumption. The 
engine didn’t display any fluctuations due to the change in the balancing force and the lubricating oil characteristics 
exhibited no remarkable change. Forson et al. [5] stated that internal combustion engines running with Jatropha oil 
and diesel blends gives a closer performance and emissions characteristics to diesel for lower blend concentration of 
jatropha oil. Pramanik [6] performed tests using blends of diesel and Jatropha oil in a single-cylinder CI engine. The 
results noted that specific fuel consumption and the exhaust gas temperature were reduced due to decrease in 
viscosity of the vegetable oil. Therefore, the main objective of the present study is to decrease the viscosity of 
jatropha curcas oil by blending with diesel and to evaluate the engine performance and emission characteristics 
without any substantial hardware modifications. 
2. Experimental Setup 
The engine used for present investigation is a four stroke, water cooled, single cylinder VCR, direct injection 
vertical diesel engine. Labview based Engine Performance Analysis software package “EnginesoftLV” is provided 
for on line performance evaluation. The engine is running at a rated speed of 1500 rpm. Fresh lubricating oil was 
filled in the engine sump tank before starting the experiments. The engine is connected to eddy current type 
dynamometer for loading. The compression ratio can be changed without stopping the engine and without altering 
the combustion chamber geometry by specially designed tilting cylinder block arrangement. The schematic diagram 
of the experiment set up is shown in Fig. 1. The technical specification of the engine is given in Table 1.The set up 
has stand-alone panel box consisting of air box, two fuel tanks for duel fuel test ( Diesel and Jatropha oil), 
manometer, fuel measuring unit, transmitters for air and fuel flow measurements, process indicator and engine 
indicator. Several blends of varying concentrations ranging from 0% (mineral diesel) to 100% (Jatropha oil) through  
 
 
 
433 B. De and R.S. Panua /  Procedia Engineering  90 ( 2014 )  431 – 438 
 
 
                                                               
                                                                          Burrete                                   
 
                                                                            
                      
               
                                     Fuel filter 
 
                                                                                                      Exhaust line 
 
                                                                   
                                
                                          Exhaust Gas Temp                                 
                  
                                                                                                                          Load 
                                                                                                                                   
                                                                                                                            
 
  
                             Fig. 1. Schematic Diagram of experimental setup 
 
      Table 1. Specification of the test engine        
S. No Parameters  Specification 
1 General details Single cylinder, 
four stroke 
compression 
ignition engine, 
constant speed, 
vertical, water 
cooled, direct 
injection 
2 Stroke 110 mm 
3 
4 
5 
6 
7 
Bore 
Displacement 
Compression ratio 
Rated output 
Rated speed 
87.5 mm 
661 cc 
17.5 
3.7 KW 
1500 
 
10%, 30%, 50%, 80% are prepared. The engine is started with diesel and once the engine warm-up; it is switched 
over to Jatropha oil. For switching the engine from diesel to Jatropha oil, a two-way valve was provided on the 
control panel. One end of the valve is connected to Jatropha oil, while the other is connected to diesel. Fuel from 
valve enters into the engine through fuel measuring unit, which enables the volumetric flow of the fuel to be 
measured easily. Engine start at no load at CR of 16 and varying the load from idle to rated load of 3.7 kW in a 
Diesel Jatropha oil 
Calorimeter 
Smoke 
Meter 
Exhaust Gas 
Analyzer 
Test Engine 
Dynamometer 
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number of steps and a set of reading is obtained for 10%, 30%, 50%, 80% and 100% (Jatropha oil) and another set 
of readings are recorded for the operation of the engine in diesel  fuel mode. Fuel consumption, rpm, exhaust 
temperature, NOX, CO and power output are measured. Similar set of readings are recorded for CR of 17 and 18 by 
changing it using the tilting cylinder head arrangement and for 10%, 30%, 50%, 80%, 100% (Jatropha oil) and 
diesel. The emissions (NOX, CO concentrations) are recorded by using Gas Analyzer (AVL Di Gas 444). To ensure 
the accuracy of the measured values, the gas analyzer is calibrated before each measurement using reference gases. 
For all settings, the emission values and the other values are recorded thrice and a mean of these is taken for 
comparison. The performance of the engine at different loads and settings are evaluated in terms of brake thermal 
efficiency and emissions of carbon monoxide, oxides of nitrogen and temperature. 
3. Result and discussion 
The important chemical, physical and thermal properties of jatropha curcas oil and diesel are given in Table 2. 
Higher cloud and pour points causes’ difficulty of using of Jatropha oil as diesel fuel in cold climatic conditions. 
Higher carbon residue from Jatropha oil may possibly lead to higher carbon deposits in combustion chamber of the 
engine. Jatropha oil contains low percentage of sulphur which results in lower SOX emissions. Oxygen content of 
the fuel improves combustion properties and emissions but reduces the calorific value of the fuel. Jatropha oil has 
approximately 90% calorific value compared to diesel. Presence of nitrogen in fuel also affects the NOX emissions. 
The major problem of the vegetable oil in using as fuel for diesel engines is higher viscosity. In the present 
investigations, viscosity is reduced by blending the oil with mineral diesel. The performance and emission 
characteristics of the Jatropha carcass vegetable oil and its different blends with diesel fuel operation are compared 
with baseline diesel; and are presented in Figures 2-5. Fig.2 shows the variation of brake thermal efficiency with 
variation of engine load at VCR for pure diesel, Jatropha oil and its different blends. For Jatropha oil and its 
different blends, the value of brake thermal efficiency for Jatropha blended fuel is less than that of pure diesel 
operation from no load to full load and this difference is higher at full load and follows almost the same trend as at 
CR of 16 with slightly higher value at CR of 17 and 18. It can be noticed from figure 2(a) that at CR of 16, the value 
of brake thermal efficiency of Jatropha oil and its different blends mode is less than diesel mode by 1.25%, 3.844%, 
4.83%, 6.88% and 8.837% with 10%, 30%, 50%, 80% and 100% Jatropha oil blends at 50% engine loads and  by 
1.78%, 3.65%, 5.33%, 6.32% and 8.77% with 10%, 30%, 50%, 80% and 100% Jatropha oil blends at 87% engine 
load. 
                                        Table 2. Properties of mineral diesel and Jatropha oil  
Property Mineral diesel Jatropha oil 
Density(kg/m3) 
API gravity 
Kinematic viscosity at 400 C (cSt) 
Cloud point (0 C) 
Pour point (0C) 
Flash point (0 C) 
Fire point (0 C) 
Calorific value (MJ/kg) 
Conradson carbon residue (%, w/w) 
Carbon (%, w/w) 
Hydrogen (%, w/w) 
Nitrogen (%, w/w) 
Oxygen (%, w/w) 
841.21 
37.124 
2.576 
3.5 
- 6 
72 
104 
44.864 
0.1 
80.321 
12.358 
1.758 
1.187 
917.5 
22.8925 
36.63 
9.5 
4.5 
230 
275 
38.6355 
0.8 
76.113 
10.517 
0 
11.058 
Sulfur(%, w/w) 0.248 0 
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Ash content (%, w/w) 0.01 0.03 
  
Figure 2(c) shows that at CR of 18, the value of brake thermal efficiency of Jatropha oil and its different blends 
mode is less than diesel mode by 1.51%, 3.37%, 4.55%, 6.71% and 9.65% with 10%, 30%, 50%, 80% and 100% 
Jatropha oil blends at 50% engine loads and by 1.41%, 3.253%, 4.73%, 5.99% and 8.01% with 10%, 30%, 50%, 
80% and 100% Jatropha oil blends at 87% engine load. The value of brake thermal efficiency of dual fuel engine is 
low at low loads but significantly high at higher engine loads because at low loads the air fuel ratio of the air-fuel 
mixture is very high, resulting in incomplete flame propagation and most of the fresh air-gas mixture remains 
unburnt. At higher engine loads, fuel-air ratio increases, resulting in complete combustion and increase in brake 
thermal efficiency. Higher viscosity and poor volatility of vegetable oils lead to their poor atomisation and 
combustion characteristics. These factors are accounted for the variation of the value of brake thermal efficiency for 
duel fuels. Figure 3 shows the variation of exhaust gas temperature against different Compression ratio for diesel, 
Jatropha oil and its different blends at 33%, 65% and 93% of engine load. It is clear from figure 3 that, a marginal 
increase in exhaust gas temperature is noticed throughout engine operation with the increase of engine loads and 
compression ratio both for base diesel and blended fuel modes. It is clear that the exhaust gas temperature is higher 
for pure Jatropha oil and gradually decreases with the decrease in Jatropha and lower for base diesel. The cylinder 
gas temperature is low at low engine load and high at high engine load because the flash boiling injection enhances 
the mixing efficiency of fuel and air and gives the duel fuel more opportunity to contact with air. 
 
 
  
 
 
Fig. 2. Brake thermal efficiency with engine load for diesel and different Jatropha oil blends at CR =16, 17    and 18. 
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Fig. 3.    Effect compression ratios on Exhaust Gas Temp for diesel and different Jatropha oil blends at 33%, 
65% and 87 % engine load. 
    
    
 
                    
Fig. 4.  Effect compression ratio on NOx emissions for diesel and different Jatropha oil blends at 33%, 65% 
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and 93%  engine load. 
 
 
 
 
  
 
Fig. 5.  Effect compression ratio on CO emissions for diesel and different Jatropha oil blends at 33%, 65% 
and 93% engine load. 
 
 
 
 Figure 4 represents the effect of changing compression ratio and Jatropha oil blends on NOX emission formed 
inside engine cylinder for diesel and blending fuel modes at 33%, 65% and 93% of engine load. It can be shown 
from figure 4, that NOX level increase with increase of engine load and compression ratio both for diesel and 
blended fuel modes but in blended fuel mode NOX emissions are decreased with the increase of Jatropha oil 
percentage in the blends. Figure 4(b) shows that at 65% engine load, the value of NOX emissions for blended fuel 
mode is lower than diesel fuel mode by 3.6%, 14.1%, 19.56%, 21.22% and 24.47% with 10%, 30%, 50%, 80% and 
100% Jatropha oil blends at CR of 16 and by 2.8%, 10.63%, 14.83%, 16.11% and 18.4% with 10%, 30%, 50%, 80% 
and 100% Jatropha oil blends at CR of 18. Figure 4(c) shows that at 93% engine load, the value of NOX emissions 
for blended fuel mode is lesser than diesel fuel mode by 3.28%, 9.86%, 13.13%, 14.12% and 14.83% with 10%, 
30%, 50%, 80% and 100% Jatropha oil blends at CR of 17 and  by 2.02%, 7.57%, 10.66%, 11.63% and 13.4% with 
10%, 30%, 50%, 80% and 100% Jatropha oil blends at CR of 18. NOX formation is mainly depends on high peak 
temperatures and availability of oxygen in the combustion chamber.  
      Figure 5 shows the effect of changing compression ratio and Jatropha oil blends on carbon monoxide emission 
concentration in diesel and blended fuel modes at 33%, 65% and 93% of engine load. CO emissions slightly less at 
low engine load but considerably increase at high engine load. It increases with increase of Jatropha oil percentage 
in blends compared to that of diesel. It decreases with the increase in compression ratio. CO is an intermediate 
product in the combustion of hydrocarbons. It forms mainly due to incomplete combustion, which is exacerbated by 
lack of oxidants, temperature and residence time. 
 
 
438   B. De and R.S. Panua /  Procedia Engineering  90 ( 2014 )  431 – 438 
 
4. Conclusions 
 
In the current study, experiments are done to evaluate the effects of Jatropha oil combustion on the performance and 
pollutant emissions of a single cylinder, four-stroke, and VCR diesel engine. Trials with three values of compression 
ratio (16, 17 and 18) and different Jatropha oil blending rates (10%, 30%, 50%, 80% and 100%) as against the 
standard values set by manufacturer for diesel as fuel (17.5 CR) has demonstrated that increase in compression ratio 
improves the performance of the engine used in study with regard to the engine performance measured in terms of 
brake thermal efficiency. In the present investigation the viscosity of Jatropha oil was reduced by blending with 
diesel for making it suitable to use in a C.I. engine and to evaluate the performance and emission characteristics of 
the engine. It is found that among the various blends, the blends containing up to 30% (by volume) Jatropha oil have 
viscosity values close to that of the conventional diesel. During the experiments, no problem is faced at the time of 
starting the engine and run smoothly over the range of Jatropha oil percentage in the fuel blends and so it can be 
directly used as a alternative fuel as a replacement of diesel fuel and do not require any major modification in the 
engine. Thermal efficiency, exhaust gas temperature and emission parameters such as NOX and CO at CR of 18 for 
the blends containing up to 30% (by volume) Jatropha oil is close to that of diesel fuel. But with the increase of 
Jatropha oil concentration in the blends increasing the exhaust gas temperature and emission parameters like NOX, 
CO and decreases the thermal efficiency of the engine.  
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